some have found a connection between the two,"' but others have not.6"" In a cohort study of fertiliser manufacturers Fraser et al found a non-significant excess of cancers of the lung and digestive tract in one of two cohorts,'920 but concluded that this was probably not related to exposure to nitrate. The conclusion was based on the failure to find an excess mortality from gastric cancer, and contradictory dose response relations for all cancers and cancer of digestive organs. Al-Dabbagh et al conducted a cohort study of fertiliser workers from northern England.2" Their results also weighed against the idea that exposure to nitrates leads to cancer. Studies of workers in phosphate fertiliser production and in the phosphate industry in the United States showed no special health risk. The number of deaths from lung cancer was somewhat higher than expected, but the authors found more likely explanations for this than exposure to phosphates. [22] [23] [24] In the light of this information, it was thought worthwhile to examine whether or not employees ofa plant producing nitrogen fertiliser and compound fertiliser were more likely to die of cancer, especially of the stomach and lung, than other Icelandic men.
Bacterial action in saliva reduces nitrate to nitrite. Under acidic conditions in vivo nitrites nitrosate amines and amides to form N-nitrosamines, which have been shown to cause cancer in laboratory animals.' It has not been demonstrated that these compounds are carcinogenic in humans, but if they are, it is suggested that the stomach is the target organ. 23 The use of nitrate fertiliser has increased greatly in the last decades. More nitrate in the soil has led to increased concentrations of nitrate in drinking water and vegetables world wide. At the same time, mortality from stomach cancer has declined in many locations, including Iceland.45 Vitamins C and E and certain phenols inhibit the formation of Nnitrosamines, whereas other phenols, thiocyanate, and iodide ion catalyse nitrosation.1 6 Other factors, such as diet and social class, have also been considered in connection with gastric cancer. 48 Investigators have tried to establish whether there is a link between nitrate ingestion and stomach cancer, but have not reached a consensus of opinion; some have found a connection between the two,"' but others have not.6"" In a cohort study of fertiliser manufacturers Fraser et al found a non-significant excess of cancers of the lung and digestive tract in one of two cohorts,'920 but concluded that this was probably not related to exposure to nitrate. The conclusion was based on the failure to find an excess mortality from gastric cancer, and contradictory dose response relations for all cancers and cancer of digestive organs. Al-Dabbagh et al conducted a cohort study of fertiliser workers from northern England.2" Their results also weighed against the idea that exposure to nitrates leads to cancer. Studies of workers in phosphate fertiliser production and in the phosphate industry in the United States showed no special health risk. The number of deaths from lung cancer was somewhat higher than expected, but the authors found more likely explanations for this than exposure to phosphates. [22] [23] [24] In the light of this information, it was thought worthwhile to examine whether or not employees ofa plant producing nitrogen fertiliser and compound fertiliser were more likely to die of cancer, especially of the stomach and lung, than other Icelandic men.
Material and methods
The fertiliser plant studied produces ammonia and nitric acid from nitrogen and hydrogen. The product is used to make damp ammonium nitrate granules that are then dried and coated, making a special kind of fertiliser. A compound fertiliser ( Table 3 shows the SMR for all causes of death, all cancers, and ischaemic heart disease when the cohort was subdivided according to the year when hired. The observed number of deaths was higher than expected in the first group for cancers and ischaemic heart disease and in the second group for ischaemic heart disease. Table 4 shows the results when the cohort was subdivided according to job categories and restricted to those who had worked for more than one year. The observed deaths were higher than expected for cancer and heart diseases among shiftwork operators. There was a significant deficit for all causes of death among unskilled workers (SMR 60) and the total cohort (SMR 73). Table 5 shows duration of employment and mortality for shiftwork operators. The SMR for all causes of death and cancer was highest among those who had worked the shortest time, declining with the number of years of employment completed. The SMR for all cancers in the group which had shortest duration of employment was 412. There were inverse gradients for increasing duration of exposure and mortality both with regard to all cancers and all causes. The SMR for heart disease varied independently of duration of employment. Table 5 also shows duration of employment and mortality for shiftwork operators, with a requirement of 15 years of latency. For all cancers the inverse gradients in risk were clearer than in the analysis without a requirement of latency, and the SMR for those with the shortest duration of employment rose to 789. Rafnsson, Gunnarsdottir 
